A simulation study on the Ca2+-independent but voltage-dependent exocytosis and endocytosis in dorsal root ganglion neurons.
In patch-clamped somata of dorsal root ganglion (DRG) neurons, two types of secretion have been proposed: Ca(2+)-dependent secretion and Ca(2+)-independent but voltage-dependent secretion (CIVDS). The Ca(2+)-induced and the depolarization-induced membrane capacitance (C(m)) increases contribute 80 and 20% to the total C(m) increase, respectively (Zhang and Zhou in Nat Neurosci 5:425, 2002). In order to explore the mechanism of the voltage-dependent C(m) change (DeltaC(m)), we constructed a model with sequential states. The simulation with this model closely approximates all the experimental data. The model predicts that the majority of fusion events (approximately 80%) are so-called "kiss-and-run" events, which account for the fast recovery or the rapid retrieval feature of the signals. The remaining 20% are attributed to full fusion events, which account for a slow retrieval feature. On the basis of the model, one mechanism of the activity-dependent endocytosis has revealed a differential distribution of vesicles between the kiss-and-run and full fusion states at different stimulation frequencies. The quantitative model presented in this study may help us to understand the mechanism of the CIVDS and the tightly coupled endocytosis found in mammalian DRG neurons.